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ABSTRACT

Loss of weight, chloropiyll, RNA. and protein from pulvinal
tisue of Phaseolus vyplaris L. var. Red Kidney petiole explants
was inhibited by actinomycin D or cycloheximide. The loss of
RNA was correlated with the induction of ribonuclease. Concen-
trations of auxin, cytokinins, coumarin, actinomycin D, or cycle-
heximide sufficient to maintain levels of RNA in pulvinal tissue
inhibited the induction of ribonuclease. Evidence is presented
that lysosomes are not the source of ribonuclease. Abscission
retardants are probably aging retardants, and the loss of
metabolites from the pulvinus and induction of cell separation
by ethylene are a part of the aging phenomenon.



I. IbNTR0DUPIJCIN

Scott and LeopoldI and Abeles et al. have shown that there is a loss
of chlorophyll, ý1NA, and protein from the pulvinus of bean petiole explents
art,'r excis[on and that thi6 loss can be inhibited by auxin, cytokinipr I

or comorin. It is alno known that auxin, cytokinins, and coumnartrn'

retard aging when the process is measured as a loss of RNA and other
metabolites from plant tissue. The work reported here suggests that:
(i) catabolic enzymes are synthesized in the pulvinus after an aging
period and (ii) auxin, cytokinin, and coumarin function as aging retard-
ants., thereby repressing the synthesis of catabolic enzymes. Because
aging in also a prerequisite for ethylene action in abscission, the
retardation of aging by auxin, cytokinins, and coumarin probably accounts
for their ability to prevent abscission.

II. MATERIALS AND METHODS

Seeds of Phaseolus vulgaris L. var. Red Kidney sown in 10-cm pots
filled with soil were grown for 14 days at 26±2 C at 1,200 ft-c of
fluorescent light (12-hour photoperiod). Abscission zone explants from
the primary leaves were incubated in bottles (43±2 ml in volume, 5 cm in
diameter, and 2.5 cm high, fitted with 25-mm diameter rubber vaccine
caps) at 25 C in 400 ft-c of continuous fluorescent light. The 10-rmm-
long explants (4.5 mm of pulvinal tissue) were placed, pulvinal end down,
in 3 mm of 1.57. agar. Explants were treated by incorporating various
growth regulators into the agar. One 4iiter of a solution of actinomycin
D or cycloheximide was injected into the separation zone of explants with
a microliter syringe. Injection of I ýliter of water had no effect on
abscission compared with untreated controls. When required, ethylene
was added to the gas phase with a syringe inserted through the vaccine
cap,

A. DRY WEIGHT

Changes in the dry weight of pulvinal tissue were determined after
the tissue had dried at 98 C for 16 hours.

B. CHILOROP}HYLL

Ten petiole sections were homogenized in 10 ml of methanol for 2
minutes at high speed in a VirTis homogenizer fitted with a 50-ml flask.



T- lhcogenate w:as filtered through Miracloth* and centrifuged at 2,0C0 •. g
fnr L lnýrnutes. Chlorophyll wa: determined by measuring the optical deneity

' z .t 666 nu, in a gpectrophotometer.

C. RIBON-UCLEIC ACID

Ten pulvinal sections were homogenized in 10 ml of 0.01 M tris buffer
L ris(ýhdroxym•ethyl~aminomethaneI at pH 7.5 with a VirTis homogenizer for
2 xinutes and filtered through Miracloth. A 6;Ml portion of the filtrate

.... 0.2 N with respect to 1E!04 and centrifuged at 2,000 x gfor 10
-inutes. Thi- pellet was washed (i) at 0 to 4 C once with 0.2 N HCIO4 and

twice with 0.05 M formic acid in methanol and (ii) at 37 C with ether:
ethanol:chloroform (2:2:1 v/v/v) for 30 minutes; then it was hydrolyzed
in 0.3 N KOH for 18 hours at 37 C. After cooling, sufficient 2.4 N HC104
was added to give a final concentration of 0.2 N HC10 4 . This suspension
was centrifuged at 4,000 x g for 10 minutes to yield a clear supernatant.
Optical density of the supernatant was measured at 260 and 290 W•. RNA

was calculated by the relationship: mg RNA = (OD at 260 nqi - OD at 290 mu)
x (dilution factor) x (0.048).

D. PROTEIN

After samples of tissue were homogenized and filtered as described
above for RNA determinatt'ons, 0.7 ml of 50% trichloroacetic acid was
added to a 7-ml portion to coagulate the protein. The protein was pre-
cipitated by centrifuging at 2,000 x g for 10 minutes and washed (i) at
0 to 4 C first with 5% trichloroacetic acid and then with ethanol and
(ii) at 60 C for 5 minutes with ethanol:ether (3:1 v/v). The washed
pellet was solubilized in 1 ml of 0.1 N NaOH. The protein content of
the NaOH solution was determined by the method of Lory et al.9

E. RIBONUCLEASE

To determine ribonuclease [polyrlbonucleotide-2-oligonucleotide
transferase (cyclizing) EC. 2.7.7.16J the pulvinal portion of 10 explants
was homogenized by a VirTis homogenizer at 0 C in 10 ml of 0.05 M potassium
acetatc buffer, pH 6.5. The homogenate was filtered through Miracloth;
then 5 ml of the filtrate were incubated at 37 C with 5 ml of RNA (soluble
yeast ribonucleic acid*) solution (1 mg RNA per ml in 0.05 M acetate buffer,
p1l 6.5). After 2 hours, 20 ml of cold 5% RC104 in ethanol were added to
stop the reaction, and the unhydrolyzed RNA was coagulated by keeping the
mixture at -10 C for I hour. The suspension of coagulated protein and RNA

* CalBiocher Corp., 3625 Medford St., Los Angeles, California.
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wao cl ý:ed by centrifuging at 20,000 x g for 20 minutes at 0 C. The
hydro!y:A RŽA in the supernatant was estimated by subtracting the optical
density at 290 q from the optical density at 260 Wi.

In :eriments comparing soluble versus particulate ribonuclease,
10 Dul, {i were homogenized in 20 ml of buffer (0.36 M sucrose, 1 x 10- M
ET)TA, O 2'i pot~ssium phosphate. DH 6.5). The homogenate was filtered
through Miracloth and 14-ml portions were centrifuged at 20,000 x g for
20 minutes. The sediment was discarded and the supernatant was centrifuged
at 105.000 x g for 1.5 hours. The resultant sediment was suspended in a
Triton X-100 solution (10 ml of I x 10(-3 EDTA, 0.05 M potassium phosphate,
pH 6.5, and 0.1% Triton X-100). Five-milliliter portions of this suspen-
sion were used in the ribonuclease assay described above. Five-milliliter
porticns of the 105,000 x g supernatant were assayed directly for ribonu-
clease activity.

1. RESULTS

In earlier paper we reported that inhibitors of aging retarded
the los, of chlorophyll, RNA, and protein from the pulvinal tissue of
bean pe ole explants. Although direct evidence was not available, we
assumed iat the degradative changes occurring in the pulvinus of
explant- 7ere the result of catabolic enzyme activity. These enzymes
either -: newly formed or are already synthesized, requiring only
release ýr addition of a prosthetic group for activation. One way to
select ;ween these alternatives is to measure the effect of inhibitors
of RNA Cý' protein synthesis on the decrease of metabolites in explant
pulvinal tissue. If newly synthesized enzymes are necessary for aging,
blocking RIM or protein synthesis should prevent the ddgradative changes-
associated with aging.

Fxp .ts were treated by injecting I 4liter water or a l-iliter
3olutio-. :ontaining elIther I pg of actinomycin D or 0.25 jig of cyclo-
heximidr: into the pulvinus with a microliter syringe after excision of
the expl r'its. Bottles containing explants were vented after 7 hours,
and, -f-, 24 hours, the changes in metabolites were measured. Table I
shows t. actinomycin D and cycloheximide did reduce the loss of weight,
chlorop[-1,.l, RNA, and protein in explant pulvinal tissue.
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TABLE 1. INHIBITION OF PULVI14AL SENESCENCE
BY ACTINOMYCIN D AND CYCLOHEXIMIDE

% Initial Value after 24 Hours
Actinomycin D Cycloheximide

Parameter Control Inhibitor Control Inhibitor

Dry weight 87 93 85 88
Chlorophyll 75 78 62 87
RNA 79 84 67 97
Protein 90 96 76 105

Loss of RNA from pulvinal tissue is an indication of aging in abscis-
sion zone explants. Figure 1 shows that the RNA content of the pulvinut
decreased slowly for the first 20 hours and then decreased more rapidly.
Figure 1 also shows that the soluble ribonuclease activity remained con-
stant for I hour, increased during the next 3 hours, remained constant
until 16 hours, and then increased again until the experiment was ter-
minated at 24 hours. Alpha-naphthaleneacetic acid (NAA) added to the
pulvinus blocked the second increase in ribonuclease, but it did not
block the first. Tha amount of ribonuclease associated with the particu-
late fraction remained constant during the experiment, suggesting that
the increase in soluble ribonuclease was not due to the breakdown of
lysosomes, which presumably are in the particulate fraction. The first
increase in ribonuclease activity appeared similar to the wounding
response observed by Bagi and Farkas.1 0  An increase in ethylene produc-
tion usually follows wounding of bean petiole explants,' and it was of
interest to s=c if the initial rise of ribonuclease activity was a
response to increased ethylene production. However, ethylene had no
effect on the ribonuclease content of pulvinal tissue.

We reported earlier2 that in.ibitors of aging such as indoleacetic
acid (IAA), cytokinin SD 8339 [N -benzylamino-9,2-(tetrahydropyranyl-9H-
purine)], and coumarin retarded the loss of RNA from pulvinal tissue.
Table I shows that actinomycin D or cycloheximide also prevented the
loss of RNA from the pulvinus. If the action of these compounds is
to repress the synthesis of ribonuclease at the level of repression,
translation, or transcription, then these compounds also should block
the increase in pulvinal ribonuclease activity. Data in Table 2 favor
this idea because amounts of the various inhibitors sufficient to inhibit
abscission also inhibited the formation of ribonuclease.
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Figure 1. Change in RNA and Ribonuclease Content of Pulvinal Tissue
after Excision. Particulate ribonuclease is the activity
associated with the material sedimenting between 20,000 x
g for 20 minutes and 105,000 x g for 1.5 hours. Soluble
ribonuclease is the activity associated with the 105,000 x
g supernatant. Initial RNA content of 10 pulvini equaled
72 .g.



T"ARI."Eý 2,C"PFA•NY3,E IN• RIBONTUCLEASE"= •" LE E7LS IN THE PULVTLTUS

OF AGING EXPLANT Ca

/ inctlease in RNAase
Treatnent Abecission, % after 24 Hours ± SE, %

Control 80 126±3
Coumarin 30 84±6
Cytokinin SD 8339 10 52±1
IAA 0 79±4
Actinomycin D 0 76±3
Cycloheximide 0 17±7

a. Explants were placed, pulvinal end down4 in plain agar or
agar c otaining 5 x 10-5 M IAA, 2 x 10-4 M SD 8339, or
2 x 10-1 M coumarin. One ,ig of actinomycin D or 0.25 tg
of cycloheximide in a l-4liter solution was injected into
the separation zone of the explant with a microliter
syringe.

IV. DISCUSSION

Earlier workl 9 has shown that pulvinal tissue loses RNA, chlorophyll,
and protein after the excision of bean petiole explants. The loss of these
metabolites was prevented by treating pulvinal tissue with IAA, cytokinins,
or coumarin, and we concludec -hat excision of the explant cuts off the
supply of aging retardants normally provided by the leaf blade. Although
auxtin is usually thought to be the compound supplied by the leaf, conclusive
chemical evidence is not available. The best evidence shows that the
supply of grbwth-promoting factors is lost from leaves as they age. This
aspect of abscission. has been discussed in a number of recent reviews. 1 1 - 1 3

Stimulation of abscission by ethylene depends on an aging procfss, 7 8

and the action of the gas seems to be through RNA-dependent protein
synthesiE. Although the cell separation process is probably enzymatic,
the specific enzymes involved-pectinases, hemicellulases, or cellulases-
have not been defined.

Work presented here is centered on understanding the induction of
catabolic enzymes in the pulvinus. The loss of metabolites from the
pulvinue is mediated by varjous catabolic enzymes, including chlorophyllases,
proteases, and ribonucleases. Tri some extent, the loss is influenced by
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proximity of a subtending metabolic sink, the petiole. IS These catabolic
enzc•es are either newly synthesised or are preformed and require release
or activation before they become effective.

Release of acid hydrolases from cell organelles (lysosomes) has been
described for animal tissue undergoing senescence. The existence of
similar particles in plant tissue is unresolved, and evidence both in
favor oi 9 and agaiist'2 this concept has been advanced.

Hotfever, the data in Table I favor the concept that the catabolic
enzymes appearing in the pulvinus are newly synthesized and are not
derived from lysosomes. Using essentially similar techniques, Bagi and
Farkas 1 0 and Kessler et al. 3 concluded that senescence of toabcco and
bean leaves also depended on de novo synthesis of degradative enzymes.

Because experimentation with inhibitors is relatively simple, it is a
favorite means of determining whether protein synthesis is involved in any
specific process. Results with inhibitors are not uniquely interpretable,
so that demonstration of increased enzymatic activity that is reduced in
the presence of the inhibitor is necessary to show that protein synthesis
is involved.

Evidence that levels of ribonuclease increase during aging is shown
in Figure 1. After an initial lag of I hour, ribonuclease activity
increased until 4 hour3, after which the level remained constant. A
second increase in activity was observed after 16 hours. Loss of RNA
from the pulvinus does not occur until after 10 hours (Fig. 1), suggesting
that the net loss of RNA is probably associated with enzymes formed during
the second increase after 16 hours. Addition of auxin, known to prevent
the loss of RNA from the pulvinus, also prevented the increase in
ribonuclease activity at 16 hours. Additional examples of the inhibition
of ribonuclease by the aging retardants cytokinin and coumarin are shown
in Table 2. A similar result was shown by Sahai Srivastava and Ware, 2
using detached barley leaves. They found that 6-furfurylaminopurine
retarded the loss of chlorophyll, RNA, and DNA and suppressed the activity
of deoxyribonuclease and ribonuclease.

Examination of th1- call fraction normally thought to contain lysoscrnes
revealed some xibonuclease activity. However, the amount of particulate
ribonuc]ease remained constant during the experiment; if this particulate
fraction was the source of the soluble enzyme, then decreases in particulate
ribomuclease should have occurred during periods when soluble ribonuclease
was formed. A similar result was reported by Balz1

7 with ribonuclease and
acid protease from aging tobacco leaves. Additional support for the idea
that soluble ribonuclease is newly synthesized was obtained when we found
that actinoumycin D or cycloheximide inhibited the increase in ribonuclease
activity (Table 2).

/



10

Our Ideas concerning events that occur during abscission are summarized
in Figure 2. Excision of bean petiole explants cuts off the supply of aging
retardants normally supplied by the leaf. Although auxin is the compound
usually proposed for this role, others, such as cytokinins and coumarin,
should be considered. At some point, the amount of aging retardant in the
tissue falls to a point that permits aging to take place. The events
occurring during aging are not completely known, but degradative processes,
mobilization, and increasing sensitivity to ethylene have been described.
Stage 1 (Fig. 2) is defined as the time from excision of explants until
the onset of sensitivity to ethylene. Stage 2 starts when explants respond-
to ethylene. Yamaguchik and Abelea and Rubinstein7 found that ethylene had
no effect on cell separation immediately after excision, but it accelerated
the process after a period of aging. Similarly Abeles and Holm1  found
that the gas had no effect on protein synthesis during stage I but acceler-
ated the incorporation of leucine-C14 into protein during stage 2. Present
evidence 3uggests that ethylene promotes the synthesis of enzymes during
stage 2 and that these as yet uncharacterizeg enzymes are responsible for
cell separation. However, other workers 2' do not feel that protein
synthesis is an integral part of the cell separation process.

Our results suggest that aging retardants normally repress the synthesis
of catabolic enzymes, as well as the sensitivity of the separation layer to
ethylene. Another example of repression by auxin, that of peroxidase, has
been reported by Ockerse et al. Once tLe concentration of retardants
drops below a certain level, catabolic enzymes are synthesized, the tissue
becomes sensitive to ethylene; and the gas, in turn, causes the synthesis
of cell separation enzymes.



1!

DEGRADATIVE
PROCESSES

& SENSITIVITY

AGING TO ETHYLENE

RE TAR DAN TS

AGING

C,)

U

w

0 ABSCISSION
4 U,

"STAGE I-- STAGE 2

TIME

Figure 2. Changes occuring in bean abscission zone explants
as a function of time following excision.



IMV 4'!•

13

LITERATM CITED

1. Scott, P.C.; Leopold, A.C. 1966. Abscission as a mobilization
phenomenon. Plant Physiol. 41:826-830.

2. Abeles, F.B.; Holm, R.E.; Gahagan, H.E., III. April 1967.
Abscission: The role of senescence, (Technical Manuscript 391).
Crops Division, Fort Detrick, Frederick, Maryland.

3. Osborne, D.J.; Moss, S.E. 1963. Effect of kinetin on senescence
and abscission in explants of Phaseolus vulgaris. Nature 200:1299-1301.

4. Basler, E. 1963. Interaction of 2,4-dichlorophenoxyacetic acid,
ethylene chlorohydrin and glutathione in the stability of microsomal
ribonucleic acid of excised cotton cotyledons. Proc. Okla. Acad.
Sci. 43:35-40.

5. Knypl, J.S. 1967. Retardation of chlorophyll degradation in Zea
mays by coumarin, Phosfon D, and CCC. Naturwissenschaften 54:146.

6. Abeles, F.B.; Holm, R.E. 1967. Abscission: The role of protein
aynthesis. Ann. N.Y. Acad. Sci. (In press). Also, January 1966,
Technical Manuscript 280, Crops Division, Fort Detrick, Frederick,
Maryland.

7. Abeles, F.B.; Rubinstein, B. 1964. Regulation of ethylene evolution
and leaf abscission by auxin. Plant Physiol. 39:963-969.

8. Yamgauchi, S. 1954. Some interrelations of oxygen, carbon dioxide,
sucrose, and ethylene in abscission. Ph.D. Thesis. Univeritty of
Califonia, Los Angeles.

9. Lowry, O.H.; kosenbrough, N.J.; Fair, A.L.; Randall, R.J. 1951.
Protein measurement with Folin phenol reagent. J. Biol. Chem.
193:265-275.

10. Bagi, G.; Farki-s, G.L. 1967. On the nature of increase in ribo-
nuclease activity in mechanically damaged tobacco leaf tissues.
Phytochemistry 6:161-169.

11. Addicott, F.T. 1962. Auxin in the regulation of abscission.
Handbuch Pflanzenphysiol. 14:829-838.

12. Cams, H.R. 1966. Abscission and its control. Ann. Rev. Plant
Physiol. 17:295-314.

13. Jacobs, W.P. 1962. Lougevity of plant organs: Zntixrnal factors
controlling abscinsion. Ann. Rev. Plant Physiol. 13:403-436.



14

14. A*-ýnle F.B.; Ho!1, !,.E. 1966. Enhancemant of RNA synthesis,
prote1n synthesis. and14 abscission by ethylene. Plant Physiol. 41:
'--3 7 -1343,

15. Duve, C.De. 1959. Lysosomes, a new group of cytoplasmic organelles,
p. 128-159. In Society of General Physiologists, T. Hayashi, ed.
Subcellular particles. Ronald Press, Ne-q York, N.Y.

16. Avers, C.J. 1961. Histochemical localization of enzyme activities
in root meristem cells. Amer. J. Bot. 48:137-142.

17. Balz, H.P. 1966. Intrazellulare Lokalisation und Funktion von
hydrolytischem Enzymen bei Tabak. Planta 70:207-236.

18. Gahan, P.B. 1965. Histochemical evidence for the presence of
lysosome-like particles in root meristem cells of Vicia faba. J. Exp.
Bot. 16:350-355.

19. Matile, Ph.; Balz, J.P.; Semadeni, E.; Jost, M. 1965. Isolation
of spherosomes with lysosome characteristics from seedlings. Z.
Naturforsch. 20b:693-698.

20. Barton, R. 1966. Fine structure of mesophyll cells in senescing
leaves of Phaseolus. Planta 71:314-325.

21. Douglas, H.N.; Laycock, M.V.; Boulter, D. 1963. The microelectro-
phoretic behaviour of plant mitochondria compared with rat mito-
chordria. J. Exp. Zot. 14:198-209.

22. Poux, N. 1962. Localisation de la phosphatase acide dans les
cellules meristematiques de ble (Triticum vulgare Vill.). J.
Microscop. 1:485-490.

23. Kessler, B.; Spiegel, S.; Zolotov, Z. 1967. Control of leaf
senescence by growth retardants. Nature 213:311-312.

24. Sahai Srivastava, B.I.; Ware, G. 1965. The effect of kinetin on
iiucleic acids and nucleases of excised barley leaves. Plant Physiol.
40:62-64.

25. Valdovinos, J.G.; Muir, R.M. 1965. Effects of D and L amino acids
on foliar abscission. Plant Physiol. 40:335-340.

26. Kleino, X.; Edsall, F.C. 1967. Modification of abscission by UV-
induced alteration in RNA and protein metabolism. Plant Physiol.
42:461-462.

27. Ockerse, R.; Siegel, B.Z.; Galston, A.W. 1966. Hormone-induced
repression of a peroxidase isozyme in plant tissue. Science
151:452-453,



M, DOCLM4EKT CONTROL DATA - R & D
L Departme nt : of the Army o 

Unh - e sified .. . .
Fort Detrick, Frederick, Maryland, 21701 26. su l CAS

37APOOFT TITLE~

AIBSCI SSIN: INDUCTION 0F DEGRADATIVE ENZYMES DURING AGING

4. 093CAl2PTr IV NOT% F (7YPe at r~prt and Incluu1et dat..)

'I0. ' Alol5(itft""m, 0s4.0 initnia. fialn.46lf)e

Abeles, Frederick B.
Holm, Robert E.

n-b~ 
tlarrv E.. III______________________

"" O ATS 

74L TOTAL NO. *O PAGES 
?6. NO. Or Eaps

Ijul y j3 67 16 27
Se. C O XM TAC T O R G R A N T 1O , in .M O R IG IN A T OPro w R E P O R T N U lisg A (9 )

b.P',oa.TCTNo. 1C522301A061 Technical Manuscript 406

C.. OT; E "aPOPIT NOMV (Ally .01.. amoibe Vil may b. seeigdn

I*. OISTRIOUTION STATEMENMT

Qualified requesters may obtain copies of this publication from DDC.
Foreign Anouncervont and dtspemtnation of thin publicAtion by DDC is not authorized.
1 0. 1 V A 0 1) I • t L S o t tt t 0 1 be p i thc P 1o t. 0 o c t h o t •s U s d ,

Ui. SPONSOPIINO MILITARSY ACTIVITY

Department oi the Army
Tort Detrick, Frederick, Maryland, 21701

Loss of weight, chlorophyll, RNA, and protein from pulvinal tissue of
Phaseolus vulgaria L. var. Red Kidney petiole explants was inhibited by actinomycin
D or cyc .ohexlzii e. The lo s of = /2 ' 'zz la ed wiih Lhe induction of ribo-
nucleate. Concentrations nf auxin, cytokinins, coumarin, actinomycin D, or
cycloheximide sufficient to maintain levels of RNA in pulvinal tissue inhibited
the induction of ribonuclease. Evidence is presented that lysosomes are not the
source of ribonuclease. Abscission retardants are probably aging retardants, and
the loss of metabolites from the pulvinus and induction of cell separation by
ethylene are a part of the aging phenomenon

I14. Key Words

*Abscission
*Aging
*Enzymes

Beans
Degradation

Du so 1473 a 0"foo01 J• . 04. w""c" s Unclassified


